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METHODS AND COMPOSITIONS FOR 
ADMINISTRATION OF TRPVl AGONISTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims bene?t of US. provisional patent 
application Nos. 60/462,457 and 60/462,040, both ?led Apr. 
10, 2003, and 60/499,062, ?led Aug. 29, 2003. The contents 
of these applications are incorporated by reference in their 
entirety and for all purposes. 

FIELD OF THE INVENTION 

The invention provides compositions and methods for 
reducing the density of sensory nerve ?bers in tissue and 
amelioration of capsaicin-responsive conditions, and ?nds 
application in the ?eld of medicine. 

BACKGROUND 

The transient receptor potential vanilloid-1 (TRPVl) is a 
capsaicin-responsive ligand-gated cation channel selectively 
expressed on small, unmyelinated peripheral nerve ?bers (cu 
taneous nociceptors). See Caterina and Julius, 2001, “The 
vanilloid receptor: a molecular gateway to the pain pathWay,” 
Annu Rev Neurosci. 241487-517; and .Montell et al., 2002, “A 
uni?ed nomenclature for the superfamily of TRP cation chan 
nels,” Mol. Cell. 9:229-31. When TRPVl is activated by 
agonists such as capsaicin and other factors such as heat and 
acidosis, calcium enters the cell and pain signals are initiated. 
After disease or injury, cutaneous nociceptors may become 
persistently hyperactive, spontaneously transmitting exces 
sive pain signals to the spinal cord in the absence of painful 
stimuli, resulting in various types of chronic pain. When 
TRPVl is continuously activated through prolonged expo 
sure to an agonist (e.g., capsaicin), excessive calcium enters 
the nerve ?ber, initiating processes that result in long-term yet 
reversible impairment of nociceptor function. This is believed 
to be the mechanism by Which application of capsaicin pro 
vides relief from pain. 

Capsaicin may be effective for amelioration of conditions 
or diseases other than pain, as Well. For example, capsaicin 
acts as an anti-in?ammatory agent, counter-irritant, antipru 
ritic, anti-psoriatic and anti-itch agent (for revieW, see SZal 
lasi and Blumberg, 1999, “Vanilloid (Capsaicin) Receptors 
and Mechanisms,” Pharm Revs, 51:159-211). In addition, 
capsaicin has been reported to cause apoptosis and/or inhibit 
proliferation of malignant cancer cells (for revieW, see Surh, 
2002, “More Than Spice: Capsaicin in Hot Chili Peppers 
Makes Tumor Cells Commit Suicide,” J Nat Cancer Inst, 
94:1263-65), and to reduce sinonasal polyps (Baudoin et al., 
2000, “Capsaicin signi?cantly reduces sinonasal polyps” 
Acla Ololaryngol 120:307-11). 

LoW-concentration capsaicin creams have been used for 
years to treat painful neuropathies and musculoskeletal pain, 
but their use is limited because they are painful and inconve 
nient to apply, normally requiring multiple daily applications 
for only modest relief. Recently, a high concentration capsai 
cin patch has been developed (NGX-4010; NeurogesX, Inc.) 
that is believed to provide effective and sustained relief from 
pain. 

The present invention provides additional methods and 
compositions for administration of capsaicin and other 
TRPVl agonists. 
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BRIEF SUMMARY OF THE INVENTION 

The invention relates to methods, compositions, and 
devices for administration of TRPVl agonists, such as cap 
saicin, to individuals in need of treatment. 

In one aspect, the invention provides a method of reducing 
the density of functional nociceptive nerve ?bers in a selected 
region of a subject by contacting the region With a composi 
tion that contains a TRPVl agonist and a solvent system by 
one or more penetration enhancers, Where said composition 
delivers at least about 3 nmoles agonist to skin as measured in 
a mouse skin absorption assay. In one embodiment, the com 
position is an immediate-release composition. In one 
embodiment, the contacting is under nonocclusive condi 
tions. In one embodiment, the contacting is under nonadher 
ent conditions. In one embodiment, at least about 5 pL of the 
composition is delivered to each cm2 of the region in about 15 
minutes. In an embodiment, a 15 minute application of the 
composition to skin of a mammal results in a decrease in the 
density of functional nociceptive nerve ?bers by at least about 
20%. In an embodiment, the density of functional nociceptive 
nerve ?bers is decreased by at least about 50%. In an embodi 
ment the mammal is a mouse. In an embodiment, the mammal 
is a human. 

In one aspect, the invention provides a method of treating a 
capsaicin-responsive condition in a subject by administration 
of a composition that contains a TRPVl agonist and at least 
one penetration enhancer, Where said composition delivers at 
least about 3 nmoles agonist to skin as measured in a mouse 
skin absorption assay. In an embodiment, the composition is 
an immediate release composition. In an embodiment, the 
administration is non-occlusive and/or non-adherent. In one 
embodiment, the capsaicin-responsive condition is neuro 
pathic pain, pain produced by mixed nociceptive and neuro 
pathic etiologies, in?ammatory hyperalgesia, vulvodynia, 
interstitial cystitis, overactive bladder, prostatic hyperplasia, 
rhinitis, rectal hypersensitivity, burning mouth syndrome, 
oral mucositis, herpes, prostatic hypertrophy, dermatitis, pru 
ritis, itch, tinnitus, psoriasis, Warts, skin cancers, headaches, 
or Wrinkles. In some embodiments, the composition is 
applied to an area on the surface of skin or mucosa. 

In a related aspect, the invention provides a method of 
treating a capsaicin-responsive condition in a subject, by 
administration of a composition that contains a TRPVl ago 
nist and at least tWo penetration enhancers, Where said com 
position delivers at least about 3 nmoles agonist to skin as 
measured in a mouse skin absorption assay. 

In various embodiments, the composition delivers at least 
about 6 nmoles agonist to skin, at least about 16 nmoles, at 
least about 32 nmoles, at least about 49 nmoles, or at least 
about 65 nmoles agonist to skin in a mouse skin absorption 
assay. 

In an embodiment, the composition has a depot effect of 
less than about 0.25 as measured in a mouse skin absorption 
assay. In some embodiments the depot effect is less than about 
0.1, less than about 0.02, or less than about 0.001. 

In an embodiment, the composition contains the TRPVl 
agonist and a solvent system, Where penetration enhancer(s) 
make up at least 20% (v/v) of the solvent system. In other 
embodiments, penetration enhancer(s) make up at least 50% 
(v/v), at least 90%, at least 95% or substantially all of the 
solvent system. In an embodiment, the composition com 
prises the TRPVl agonist (e.g., a vanilloid such as capsaicin) 
at a concentration of from 0.05% (W/v) to 60% (W/v). 

In an embodiment the solvent system contains a penetra 
tion enhancer selected that is an ether, ester, alcohol, fatty 
acid, fatty acid ester, fatty alcohol, polyol, terpene, or amine. 
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In one embodiment, the solvent system contains a penetration 
enhancer selected from l-menthone, dimethyl isosorbide, 
caprylic alcohol, lauryl alcohol, oleyl alcohol, ethylene gly 
col, diethylene glycol, propylene glycol, triethylene glycol, 
butylene glycol, valeric acid, pelargonic acid, caproic acid, 
caprylic acid, lauric acid, oleic acid, isovaleric acid, isopropyl 
butyrate, isopropyl hexanoate, butyl acetate, methyl acetate, 
methyl valerate, ethyl oleate, poloxamer, d-piperitone, meth 
ylnonenoic acid, methylnonenoic alcohol, and d-pulegone. 

The invention provides a pharmaceutical composition con 
taining a therapeutically effective amount of a TRPVl agonist 
and one or more penetration enhancers, and optionally one or 
more additional therapeutically active agents, Where said 
composition delivers at least about 3 nmoles agonist to skin as 
measured in a mouse skin absorption assay. In an embodi 
ment, the pharmaceutical composition is in a form suitable for 
administration to a subject. In an embodiment, the concen 
tration of capsaicin is greater than 0.05% and less than 20%. 

In one embodiment, the composition that comprises a 
TRPVl agonist, and optionally one or more additional thera 
peutically active agents, in a solvent system by one or more 
penetration enhancers, Where said one or more penetration 
enhancers, taken together, constitute at least about 50% (v/v), 
and up to 100%, of the solvent system. In an embodiment, the 
composition contains another therapeutically active agent, 
such as a local anesthetic. 

In another aspect, the invention provides a system for treat 
ing a capsaicin-responsive condition, the system containing 
the TRPVl agonist composition or microemulsion and a non 
occlusive, non-adherent applicator device for applying the 
formulation to skin or a mucosal surface. In an embodiment, 
the applicator device is pre-?lled With the composition. Alter 
natively, the composition is contained in a container separate 
from the device. In a related embodiment, a kit containing the 
composition or system and a cleaning composition for 
removal of agonist is provided. 

In another aspect, the invention provides a microemulsion 
containing a TRPVl agonist such as capsaicin, as Well as 
methods of treatment using the microemulsion. 

In another aspect, the invention provides a method for 
ranking tWo or more compositions according to their utility 
for therapeutic delivery of a TRPVl agonist to a subject by 
determining for each composition the depot effect for a solu 
tion consisting of the composition and the TRPVl agonist or 
a different TRPVl agonist, comparing the values obtained for 
each composition, and ranking them compositions according 
to the values, Where a composition With a loWer value is 
ranked more suitable for therapeutic delivery of the TRPVl 
agonist. 

In another aspect, the invention provides a method of 
increasing the amount of a topically applied molecule that 
enters the epidermal and dermal layers by topically applying 
the molecule in a composition containing methylnonenoyl 
alcohol or methylnonenoic acid. In a related another aspect, 
the invention provides a pharmaceutical composition con 
taining capsaicin and methylnonenoyl alcohol or methylnon 
enoic acid. 

In another aspect, the invention provides a method of deliv 
ering a TRPVl agonist to the epidermis and dermis underly 
ing a 1 cm2 area of a skin or mucosal surface of a mammal by 
contacting the area With a composition comprising the 
TRPVl agonist and at least one penetration enhancer, where 
15 or 30 minutes after contacting at least about 3 nmole of the 
TRPVl agonist is retained in the epidermis and dermis. In 
certain embodiments, the density of functional nociceptive 
nerve ?bers in the epidermis and dermis is decreased by at 
least about 20% When measured after the contacting step. 
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BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 shoWs reduction of nerve ?ber density in skin (nude 
mouse) after administration of a TRPVl agonist. 

FIG. 2 shoWs reduction of nerve ?ber density in vulva (rat) 
after administration of TRPVl agonists. Transcutol® is 
diethylene glycol monoethyl ether (DGME). 

FIG. 3 shoWs pain behavior after application of TRPVl 
agonist to vulva (rat). 

FIG. 4 shoWs pain behavior after application of TRPVl 
agonist to skin (rat dorsal paW). 

DETAILED DESCRIPTION 

1. Introduction 
The present inventions relate, in part, to the discovery that 

administration of TRPVl agonist under conditions in Which a 
signi?cant amount of agonist is rapidly and ef?ciently deliv 
ered to, and retained in, the skin provides surprising bene?ts. 
In particular, such delivery results in signi?cant reduction in 
the density of functional cutaneous or mucosal nociceptor 
nerve ?bers in a treated area folloWing only a brief exposure 
to the agonist (see, e.g., Examples 1, 2 and 3, infra). Further, 
it is believed that the discomfort ordinarily associated With 
contact With TRPVl agonists such as capsaicin is reduced 
When agonist is rapidly and ef?ciently delivered to, and 
retained in, the skin or mucosa (see, e.g., Examples 4 and 5, 
infra). 

In a related aspect, the invention provides a method of 
treating a capsaicin-responsive condition in a subject by topi 
cal administration of a composition containing capsaicin or 
other TRPVl agonist under conditions in Which a signi?cant 
amount of agonist is rapidly and e?iciently delivered to, and 
retained in, the skin or mucosa. 

In one aspect of the invention, a composition containing a 
TRPVl agonist, optionally containing additional therapeuti 
cally active agent(s), containing a solvent system containing 
at least one penetration enhancer, and optionally containing 
other components as described beloW, is contacted With the 
target region of the subject’ s body (e.g., skin or mucosa). For 
clarity, this composition is sometimes referred to as the 
“administered composition.” In some embodiments, the sol 
vent system is characteriZed in that one or more penetration 
enhancers make up a high proportion of the solvent system. 
2. De?nitions and Conventions 
The folloWing de?nitions are provided to assist the reader 

in understanding the invention. Unless otherWise de?ned, all 
terms of art, notations and other scienti?c or medical terms or 
terminology used herein are intended to have the meanings 
commonly understood by those of skill in the chemical and 
medical arts. In some cases, terms With commonly under 
stood meanings are de?ned herein for clarity and/or for ready 
reference, and the inclusion of such de?nitions herein should 
not necessarily be construed to represent a substantial differ 
ence over the de?nition of the term as generally understood in 
the art. 

“Therapeutically effective amount” or “Therapeutically 
effective dose” refers to the quantity or dose of an agent 
required to produce a clinically desired result such as a bio 
logical or chemical response (e.g., a reduction in density of 
functional cutaneous or mucosal nociceptor nerve ?bers in a 
subject in need of such reduction), alleviation or amelioration 
of one or more symptoms of a disease or condition, dimin 
ishment of extent of disease, or stabiliZed state of disease. 

“Treating” a condition or patient refers to taking steps to 
obtain bene?cial or desired results, including clinical results. 
For purposes of this invention, bene?cial or desired clinical 
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results include, but are not limited to, alleviation or amelio 
ration of one or more symptoms of diminishment of extent of 

disease, delay or slowing of disease progression, ameliora 
tion, palliation or stabilization of the disease state, and other 
bene?cial results described beloW. 

“Pharmaceutically acceptable salt” refers to an acidic or 
basic salt that is toxicologically safe for administration to a 
subject, including Without limitation, phosphate, sulfate, lac 
tate, napsylate, mesylate, hydrochloride, sodium, potassium, 
n-methylglucamine, and tromethamine salts. 

“Local administration,” “topical administration, topi 
cally,” and grammatical equivalents, refer to administration 
of a biologically active compound to a pre-de?ned or de?nite 
area of the body, such as to a de?ned or limited area of the skin 

surface, mucous membrane, a speci?ed organ, a speci?ed 
appendage or region (e.g., foot). Local or topical administra 
tion, as used herein, does not include administration by sub 
dermal injection. 

“Fully soluble” or “completely dissolved” or “fully in solu 
tion” refers to a visually clear homogenous solution With 
substantially no suspended or undissolved particles of thera 
peutically active agents.A quantitative determination of solu 
tion clarity can be made by measurements of turbidimetry, 
eg the reduction of transparency of a liquid caused by the 
presence of undissolved matter (see LaWler, 1995, Turbidim 
etry and Nephelometry Encyclopedia of Analytical Science, 
ed. P. Worsfold, Academic Press Ltd, UK). Instruments such 
as the Model 2100AN or 2100N turbidimeter (Hach Co., 
Loveland, Colo.) may be used. Usually the turbidity of a 
composition containing a therapeutically active agent is less 
than about 10 NTU (nephelometric turbidity unit), more usu 
ally less than about 5 NTU or less than about 3 NTU. 

“Stratum corneum” refers to the outer layer of the skin that 
is the primary barrier layer. The stratum corneum creates the 
rate-limiting barrier for diffusion of an active agent across the 
skin. 

“Penetration enhancer” refers to an agent that improves the 
rate of percutaneous transport of an active agent across the 
skin for use and delivery of active agents to organisms such as 
mammals. 
An “individual” or “subject” is a vertebrate, preferably a 

mammal, and often a human. Mammals include, but are not 
limited to, humans, non-human primates, experimental 
model animals (e.g., mice and rats), agriculturally important 
animals, and pets. 
As used herein, manufactured or formulated “under GMP 

standards,” When referring to a pharmaceutical composition 
means the composition is in full compliance With all Good 
Manufacturing Practice (GMP) regulations of the US. Food 
and Drug Administration. 

“Nerve ?ber functionality (NFF)” is a measure of the func 
tional or structural inactivation of nociceptive (TRPVl-ex 
pressing) sensory nerve ?bers. A change in NFF can be 
expressed as a change in the density of functional nerve ?bers 
identi?ed by immunostaining and morphology, as described 
beloW. Alternatively, a change in NFF can be expressed as a 
change in a sensitivity of the nerve ?ber (e.g., to changes in 
temperature). 
As used herein, the terms “deliver,” “delivering” and gram 

matical equivalents (e.g., as in “delivery of agonist to epider 
mis and dermis”) refers to taking action that results in transfer 
of an agent (e.g., TRPVl agonist) to a target tissue (e.g., 
epidermis and dermis). For example, capsaicin can be deliv 
ered to dermis by applying a capsaicin-containing composi 
tion of the invention to the unbroken surface of skin overlying 
the dermis. 
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6 
As used herein, the term “retained” (e.g., as in “agonist 

retained in skin”) refers to the amount of an agent found in a 
speci?ed tissue (e.g., epidermis and dermis) at a speci?ed 
point in time (e. g., 15 minutes after application of an agonist 
containing composition). 
The folloWing conventions and abbreviations are used in 

the description beloW: Unless otherWise indicated, tempera 
tures are in degrees centigrade and all measurements are 
made at 1 atmosphere and at a temperature of 23° C. to 32° C. 
Abbreviations used in this disclosure include “p. ” (microli 
ter); “mL” (milliliter); “nmole” (nanomole); “PE” (penetra 
tion enhancer); “TAA” (therapeutically active agent); Weight/ 
volume (W/v); volume/volume (v/v). References to a 
speci?ed time after administration of a TRPVl agonist-con 
taining composition (e.g., “15 minutes”) refer the the time 
beginning With the initial ?rst contact of the composition With 
the subject (e.g., the time of application). If not otherWise 
speci?ed or apparent from context, assays can be conducted 
15 or 30 minutes after administering a composition, and 
values normaliZed to administration to a 1 cm2 area. 
3. TRPVl Agonists 
TRPVl agonists useful in the present invention include 

capsaicin, capsaicin analogs and derivatives, and other loW 
molecular Weight compounds (i.e., MW<1000) that agoniZe 
the TRPVl. Capsaicin can be considered the prototypical 
TRPVl agonist. Capsaicin (also called 8-methyl-N-vanillyl 
trans-6-nonenamide; (6E)-N[(4-hydroxy-3 -methoxyphenyl) 
methyl] - 8-methylnon-6 -enamide; N[ (4 -hydroxy-3 -methox 
yphenyl) methyl]-8-methyl-(6E)-6-nonenamide; N-(3 
methoxy-4-hydroxybenZyl)-8-methylnon tran-6-enamide; 
(E)-N[(4-hydroxy-3 -methoxyphenyl)methyl]-8-methyl-6 
nonenamide) has the folloWing chemical structure: 

In addition to capsaicin, a variety of capsaicin analogs and 
derivatives, and other TRPVl agonists may be administered. 
Vanilloids, such as capsaicinoids, are an example of useful 
TRPVl agonists. Exemplary vanilloids for use according to 
the invention include N-vanillyl-alkanedienamides, N-vanil 
lyl-alkanedienyls, N-vanillyl-cis-monounsaturated alkena 
mides, capsaicin, dihydrocapsaicin, norhydrocapsaicin, nor 
dihydrocapsaicin, homocapsaicin, and 
homodihydrocapsaicin. 

In another embodiment, the TRPVl agonist is a compound 
lacking the vanillyl function, such as piperine or a dialdehyde 
sesquiterpene (for example Warburganal, polygodial, or isov 
elleral). In another embodiment, the TRPVl agonist is a 
triprenyl phenol, such as scutigeral. Additional exemplary 
TRPVl agonists are described in US. Pat. Nos. 4,599,342; 
5,962,532; 5,762,963; 5,221,692; 4,313,958; 4,532,139; 
4,544,668; 4,564,633; 4,544,669; 4,493,848; 4,532,139; 
4,564,633; and 4,544,668; and PCT publication W0 
00/ 50387. Other useful TRPVl agonists include pharmaco 
logically active gingerols, piperines, shogaols, and more spe 
ci?cally guaiacol, eugenol, Zingerone, civamide, noniva 
mide, nuvanil, olvanil, NE-19550, NE-21 610, and NE-28345 
(see Dray et al., 1990, Eur J. Pharmacol 181:289-93 and 
Brand et al., 1990, Agents Actions 311329-40), resinifera 
toxin, resiniferatoxin analogs, and resiniferatoxin derivatives 
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(e.g., tinyatoxin). Any active geometric- or stereo-isomer of 
the forgoing agonists may be used. 

Other TRPVl agonists are vanilloids that have TRVPl 
receptor-binding moieties such as mono-phenolic mono-sub 
stituted benzylamine amidated With an aliphatic cyclized, 
normal or branched substitution. Still other useful TRPVl 
agonists for practicing the invention can be readily identi?ed 
using standard methodology, such as that described in US. 
patent publication US20030104085. Useful assays for iden 
ti?cation of TRPVl agonists include, Without limitation, 
receptor binding assays; functional assessments of stimula 
tion of calcium in?ux or membrane potential in cells express 
ing the TRPVl receptor, assays for the ability to induce cell 
death in such cells (e.g., selective ablation of C-?ber neu 
rons), and other assays knoWn in the art. 

Mixtures of agonists and pharmaceutically acceptable salts 
of any of the foregoing may also be used. See Szallasi and 
Blumberg, 1999, Pharmacological Reviews 511159-211, 
US. Pat. No. 5,879,696, and references therein. 
4. Rapid and High Quantity Delivery of TRPVl Agonists 

The present invention relates, in part, to the discovery that 
administration of a TRPVl agonist under conditions in Which 
a signi?cant amount of agonist is rapidly delivered to, and 
preferably retained in, the skin provides surprising bene?ts. 

In one aspect, the invention provides a method for treating 
a capsaicin-responsive condition by administering a compo 
sition that contains a TRPVl agonist and one or more pen 
etration enhancers. In an embodiment, the composition deliv 
ers at least about 3 nmoles agonist to skin as measured in a 
mouse skin absorption assay. The mouse skin absorption 
assay is described in detail beloW. As discussed beloW, deliv 
ery of a speci?ed molar amount of agonist to skin in a mouse 
skin absorption assay refers to the amount delivered per 1 cm2 
(as normalized from a 0.8 cm2 area of skin used in the assay) 
in ?fteen (15) minutes under the assay conditions. 

In a related aspect, the invention provides a method of 
reducing the density of functional nociceptive nerve ?bers in 
a selected tissue of a subject by contacting the tissue With a 
composition that contains a TRPVl agonist and one or more 
penetration enhancers. In an embodiment, the composition 
delivers at least about 3 nmoles agonist to skin as measured in 
a mouse skin absorption assay. 

In a related aspect, the invention provides a pharmaceutical 
composition containing a TRPVl agonist and one or more 
penetration enhancers, Where the composition delivers at 
least about 3 mmoles agonist to skin as measured in a mouse 
skin absorption assay. 

In one embodiment of the invention, the TRPVl agoni st is 
capsaicin and the amount of agonist delivered is at least about 
3 nmoles, at least about 6 mmoles, at least about 9 nmoles, at 
least about 16 nmoles, at least about 32 nmoles, at least about 
49 nmoles, or at least about 65 nmoles as measured in a mouse 
skin absorption assay. In an embodiment, the TRPVl agonist 
is capsaicin and the amount of agonist delivered is in the range 
of from about 3 nmoles to about 290 nmoles, such as a range 
bounded by a loWer limit of 3 nmoles, 6 nmoles, 9 nmoles, 16 
nmoles, 32 mmoles, or 49 nmoles, and an independently 
selected upper limit of 6 nmoles, 9 nmoles, 16 nmoles, 32 
nmoles, 49 nmoles, 65 mmoles, 75 nmoles, 90 mmoles, 120 
nmoles, 200 mmoles and 290 nmoles, Where the upper limit is 
higher than the loWer limit. 

In a related embodiment of the invention, the TRPVl ago 
nist is an agonist other than capsaicin and the amount of 
agonist delivered as measured in a mouse skin absorption 
assay is at least about 3 nmoles, at least about 6 nmoles, at 
least about 9 nmoles, at least about 16 nmoles, at least about 
32 nmoles, at least about 49 nmoles, or at least about 65 
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8 
nmoles, or in the range of from about 3 nmoles to about 290 
nmoles, such as a range bounded by a loWer limit of 3 nmoles, 
6 nmoles, 9 nmoles, 16 mmoles, 32 mmoles, or 49 nmoles, 
and an independently selected upper limit of 6 nmoles, 9 
nmoles, 16 nmoles, 32 nmoles, 49 nmoles, 65 nmoles, 75 
nmoles, 90 nmoles, 120 nmoles, 200 nmoles and 290 nmoles, 
Where the upper limit is higher than the loWer limit. 

In a related embodiment of the invention, the TRPVl ago 
nist is an agonist other than capsaicin and the amount of 
agonist delivered as measured in a mouse skin absorption 
assay is the equivalent of at least about 3 nmoles capsaicin, at 
least about 6 mmoles capsaicin, at least about 9 nmoles cap 
saicin, at least about 16 nmoles capsaicin, at least about 32 
nmoles capsaicin, at least about 49 nmoles capsaicin, or at 
least about 65 nmoles capsaicin, or in the range of from about 
3 nmoles to about 290 nmoles capsaicin, such as a range 
bounded by a loWer limit of 3 nmoles, 6 nmoles, 9 nmoles, 16 
nmoles, 32 nmoles, or 49 nmoles capsaicin, and an indepen 
dently selected upper limit of 6 nmoles, 9 nmoles, 16 nmoles, 
32 nmoles, 49 nmoles, 65 nmoles, 75 nmoles, 90 nmoles, 120 
nmoles, 200 nmoles and 290 nmoles capsaicin, Where the 
upper limit is higher than the loWer limit. 
A molar amount of a TRPVl agonist that is equivalent, as 

the term is used in this context, to a molar amount (e.g., 3 
nmoles) of capsaicin can be determined using standard meth 
odology. Since the potency and ef?cacy of TRPVl agonists 
can vary, it is in some cases it is useful, upon determining an 
optimal delivery dose for capsaicin, to adjust the concentra 
tion or dosage of a TRPVl agonist other than capsaicin. The 
number of moles of a non-capsaicin TRPVl agonist Which 
Will produce the same degree of a biological effect (e.g., 
reduced nociceptive nerve ?ber function) produced by 1 mole 
of capsaicin is referred to as the capsaicin equivalent (“CE”). 
The concept of CE is analogous to that of ‘morphine equiva 
lents’ used to predict equivalent analgesic dose levels of vari 
ous opioid analgesics (see, e. g., Kaiko, 1986, “Controversy in 
the management of chronic cancer pain: therapeutic equiva 
lents of IM and PO morphine” J Pain Symptom Manage. 
1:42-5; Hoskin et al., 1991, “Opioid agonist-antagonist drugs 
in acute and chronic pain states” Drugs 41 :326-44). CE val 
ues are derived from both the potency and e?icacy of the 
TRPVl agonist, compared to capsaicin under identical assay 
conditions. One Way to determine the relative potency and 
e?icacy of TRPVl agonists is to use a standardized in vitro 
assay, such as those based on Fluorometric Imaging Plate 
Reader (FLIPR) technology (Sullivan et al., 1999, “Measure 
ment of [Ca2+] using the Fluorometric Imaging Plate Reader 
(FLIPR)” Methods Mol. Biol. 114:125-33). FLIPR assays 
have been used Widely to characterize and compare a large 
number of TRPVl agonists (see, e.g., Smart et al., 2001, 
“Characterisation using FLIPR of human vanilloid VR1 
receptor pharmacology.” Eur J Pharmacol. 417:51-8; Witte 
et al., 2002, “Use of a ?uorescent imaging plate reader-based 
calcium assay to assess pharmacological differences betWeen 
the human and rat vanilloid receptor” J Biomol Screen. 7:466 
475; and Behrendt et al., 2004, “Characterization of the 
mouse cold-menthol receptor TRPM8 and vanilloid receptor 
type-1 VR1 using a ?uorometric imaging plate reader 
(FLIPR) assay” Br JPharmacol. 141:737-45). One Way to 
determine the CE value for a non-capsaicin TRPVl agonist 
Would be to combine the potency and ef?cacy of the com 
pound by assigning values of 0.5 to both the potency and 
e?icacy measured for capsaicin in a FLIPR assay (yielding a 
combined value of 1.0). Then the potency and e?icacy values 
of another TRPVl agonist is determined, and normalized to 
the 0.5 of capsaicin. The combined normalized value of 
another TRPVl agonist is compared to the 1.0 of capsaicin to 
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provide the approximate number of nmoles of the non-cap 
saicin TRPVI agonist that is expected to produce the same 
effect as capsaicin on, for example, nerve ?ber functionality 
(NFF) When applied. 

In a further aspect of the invention, the composition deliv 
ers the TRPVI agonist With a signi?cant depot effect. As used 
herein, the “depot effect” refers to the retention of agonist in 
skin in a mouse skin assay, and is the ratio of the amount of 
agonist that passes out of skin to the amount retained in skin 
in the mouse skin absorption assay. 

Thus, in an aspect the invention provides a method for 
treating a capsaicin-responsive condition by administering a 
composition that contains a TRPVI agonist and one or more 
penetration enhancers, Where the composition delivers 3 
nmoles or more than 3 nmoles agonist to skin as measured in 
a mouse skin absorption assay, and Where is signi?cant pro 
portion of the agonist is retained in the skin. 

In a related aspect, the invention provides a method of 
reducing the density of functional nociceptive nerve ?bers in 
a selected tissue of a subject by contacting the tissue With a 
composition that contains a TRPVI agonist and one or more 
penetration enhancers Where the composition delivers 3 
nmoles or more than 3 mmoles agonist to skin as measured in 
a mouse skin absorption assay, and Where a signi?cant pro 
portion of the agonist is retained in the skin. 

In some embodiments, for example, the ratio of the amount 
of agonist that enters the receptor chamber in the mouse skin 
absorption assay to the amount retained in the skin is less than 
about 0.25, less than about 0.2, less than about 0.15, less than 
about 0.1, less than about 0.04, less than about 0.02, less than 
about 0.01, less than about 0.004, less than about 0.002, less 
than about 0.0015, or less than about 0.001. In some embodi 
ments, the ratio of the amount of agonist that enters the 
receptor chamber in the mouse skin absorption assay to the 
amount retained in the skin at a speci?ed time point is 
betWeen about 0.0001 and about 0.25, often betWeen about 
0.0001 and about 0.2, sometimes betWeen about 0.0001 and 
about 0.1, and sometimes betWeen about 0.0001 and 0.04. In 
some embodiments, the ratio of the amount of agonist that 
enters the receptor chamber in the mouse skin absorption 
assay to the amount retained in the skin is betWeen about 
0.001 and about 0.25, oftenbetWeen about 0.01 and about 0.2, 
and sometimes betWeen about 0.1 and about 0.25. 

In one embodiment, the ratio of the amount of agonist in 
the dermis to the amount in the epidermis is in the range of 0.5 
to 2, as measured in a mouse skin absorption assay. In some 
embodiments the ratio is in the range of 0.75 to 1.5. 

In a related embodiment, the invention provides a method 
for treating a capsaicin-responsive condition by administer 
ing a composition that contains a TRPVI agonist under con 
ditions in Which a signi?cant amount of agonist is rapidly 
delivered to, and preferably retained in, a target tissue such as, 
but not limited to skin, mucosa, and endothelium). In another 
related embodiment, the invention provides a method for 
reducing the density of functional nociceptive nerve ?bers in 
a selected tissue of a subject by contacting the tissue With a 
composition that contains a TRPVI agonist under conditions 
in Which a signi?cant amount of agonist is rapidly delivered 
to, and preferably retained in, the target tissue. In an embodi 
ment, “conditions in Which a signi?cant amount of agonist is 
rapidly delivered to the target tissue,” refers to administration 
of a TRPVI agonist under conditions that result in delivery of 
at least 3 nmoles agonist per cm2 surface area of application 
(e.g., skin or mucosa surface area) Within 30 minutes, more 
often Within 15 minutes, and sometimes Within 5 minutes. 

In one embodiment, conditions in Which a signi?cant 
amount of agonist is rapidly delivered to the skin are de?ned 
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as those measured in a human subject. In one embodiment the 
human subject is a subject in normal health. In one embodi 
ment, the human subject is a subject in need of treatment for 
a capsaicin-responsive disease or condition. Thus, in one 
embodiment, the invention provides a method of reducing the 
density of functional nociceptive nerve ?bers in a selected 
tissue region of a subject, by topically administering a sig 
ni?cant amount of agonist to the region in less than about 30 
minutes, optionally less than about 15 minutes, and option 
ally in less than about 10 minutes. A signi?cant amount can be 
at least 3 nmoles, optionally at least 6 nmoles, at least about 9 
nmoles, at least about 16 nmoles, at least about 32 nmoles, at 
least about 49 nmoles, or at least about 65 nmoles, or in the 
range of from about 3 nmoles to about 290 nmoles, such as a 
range bounded by a loWer limit of 3 nmoles, 6 nmoles, 9 
nmoles, 16 nmoles, 32 nmoles, or 49 nmoles, and an inde 
pendently selected upper limit of 6 nmoles, 9 nmoles, 16 
nmoles, 32 nmoles, 49 nmoles, 65 nmoles, 75 nmoles, 90 
nmoles, 120 nmoles, 200 nmoles and 290 nmoles, Where the 
upper limit is higher than the loWer limit, per cm2 of the 
surface of the region (e.g., skin, mucosa, and endothelium, 
e.g., bladder). 

In an alternative embodiment, conditions in Which a sig 
ni?cant amount of agonist is rapidly delivered to the skin are 
de?ned as those measured in a mouse skin assay. 

In one embodiment of the invention, the TRPVI agonist is 
capsaicin and the amount of agonist delivered is at least about 
3 nmoles, at least about 6 nmoles, at least about 9 nmoles, at 
least about 16 nmoles, at least about 32 nmoles, at least about 
49 nmoles, or at least about 65 nmoles. In an embodiment, the 
TRPVI agonist is capsaicin and the amount of agonist deliv 
ered is in the range of from about 3 nmoles to about 290 
nmoles, such as a range bounded by a loWer limit of 3 nmoles, 
6 nmoles, 9 nmoles, 16 nmoles, 32 nmoles, or 49 nmoles, and 
an independently selected upper limit of 6 nmoles, 9 nmoles, 
16 nmoles, 32 nmoles, 49 nmoles, 65 nmoles, 75 mmoles, 90 
nmoles, 120 nmoles, 200 nmoles and 290 nmoles, Where the 
upper limit is higher than the loWer limit. 

In a related embodiment of the invention, the TRPVI ago 
nist is an agonist other than capsaicin and the amount of 
agonist delivered is at least about 3 nmoles, at least about 6 
nmoles, at least about 9 nmoles, at least about 16 nmoles, at 
least about 32 nmoles, at least about 49 nmoles, or at least 
about 65 nmoles, or in the range of from about 3 nmoles to 
about 290 nmoles, such as a range bounded by a loWer limit of 
3 nmoles, 6 nmoles, 9 nmoles, 16 mmoles, 32 nmoles, or 49 
mmoles, and an independently selected upper limit of 6 
nmoles, 9 nmoles, 16 nmoles, 32 nmoles, 49 nmoles, 65 
nmoles, 75 nmoles, 90 nmoles, 120 nmoles, 200 nmoles and 
290 nmoles, Where the upper limit is higher than the loWer 
limit. 

In a related embodiment of the invention, the TRPVI ago 
nist is an agonist other than capsaicin and the amount of 
agonist delivered is the equivalent of at least about 3 nmoles 
capsaicin, at least about 6 nmoles capsaicin, at least about 9 
nmoles capsaicin, at least about 16 nmoles capsaicin, at least 
about 32 nmoles capsaicin, at least about 49 nmoles capsai 
cin, or at least about 65 nmoles capsaicin, or in the range of 
from about 3 nmoles to about 290 nmoles capsaicin, such as 
a range bounded by a loWer limit of 3 nmoles, 6 nmoles, 9 
nmoles, 16 nmoles, 32 nmoles, or 49 nmoles capsaicin, and an 
independently selected upper limit of 6 nmoles, 9 nmoles, 16 
nmoles, 32 nmoles, 49 nmoles, 65 nmoles, 75 nmoles, 90 
nmoles, 120 nmoles, 200 nmoles and 290 nmoles capsaicin, 
Where the upper limit is higher than the loWer limit. 

In a related embodiment, the invention provides a method 
for treating a capsaicin-responsive condition by administer 
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ing a composition that contains a TRPVl agonist under con 
ditions in Which a signi?cant amount of agoni st is delivered to 
and retained in the tissue. In another related embodiment, the 
invention provides a method for reducing the density of func 
tional nociceptive nerve ?bers in a selected tissue of a subject 
by contacting the tissue With a composition that contains a 
TRPVl agonist under conditions in Which a signi?cant 
amount of agonist is delivered to and retained in skin. Sys 
temic exposure to bolus doses of TRPVl agonists poses 
safety risks for patients. This is because these receptors are 
expressed in nerve ?bers Which regulate the cardiovascular 
system (and other organ systems), so consequently a rapid 
activation of these nerves is expected to produce rapid 
changes in heart rate and blood pressure (Zahner et al., 2003, 
“Cardiac vanilloid receptor 1-expressing afferent nerves and 
their role in the cardiogenic sympathetic re?ex in rats” J 
Physiol. 551:515-23). Such changes are problematic for eld 
erly patients and those With pre-existing cardiovascular dis 
ease. Accordingly, the surprising discovery that high and 
rapid exposures of skin, mucous membranes, and other types 
of tissue to TRPVl agonists could be attained as described 
here Without an expectation of signi?cant systemic drug 
delivery, alloWs topical application of TRPVl agonist-con 
taining formulations With relatively high safety margins. In 
one aspect the present invention provides a method of deliv 
ering a TRPVl agonist to the epidermis and dermis underly 
ing a 1 cm2 area of a skin or mucosal surface of a mammal, by 
contacting the area With a composition comprising the 
TRPVl agonist and at least one penetration enhancer, 
Wherein 30 minutes after said contacting at least about 3 
nmole of the TRPVl agonist is retained in the epidermis and 
dermis. In a related embodiment, the invention provides a 
method of delivering a TRPVl agonist to the epidermis and 
dermis underlying a 1 cm2 area of a skin or mucosal surface of 
a mammal, by contacting the area With a composition com 
prising the TRPVl agonist and at least one penetration 
enhancer, Wherein 15 minutes after said contacting at least 
about 3 nmole of the TRPVl agonist is retained in the epi 
dermis and dermis. In various embodiments, the amount of 
TRPVl agonist retained in the epidermis and dermis is at least 
about 3 nmoles, at least about 6 nmoles, at least about 9 
nmoles, at least about 16 nmoles, at least about 32 nmoles, at 
least about 49 nmoles, or at least about 65 nmoles. In an 
embodiment, the TRPVl agonist is capsaicin and the amount 
of agonist delivered is in the range of from about 3 nmoles to 
about 290 nmoles, such as a range bounded by a loWer limit of 
3 nmoles, 6 nmoles, 9 nmoles, 16 nmoles, 32 nmoles, or 49 
nmoles, and an independently selected upper limit of 6 
nmoles, 9 nmoles, 16 nmoles, 32 nmoles, 49 nmoles, 65 
nmoles, 75 nmoles, 90 nmoles, 120 nmoles, 200 nmoles and 
290 nmoles, Where the upper limit is higher than the loWer 
limit. 

It Will be understood that When measuring the agonist 
content of epidermis and dermis underlying a 1 cm2 area, the 
actual cross section of tissue assayed canbe less than (e.g., 0.8 
cm2) or greater than 1 cm2, and the measured agonist content 
can be normaliZed to an amount per cm2. 

In one embodiment, the agonist is contacted With the skin, 
mucosal or bladder surface in vitro (e.g., using a mouse skin 
absorption assay or similar assay). In another embodiment, 
the agonist is contacted With the skin, mucosal or bladder 
surface in vivo (e. g., by applying the composition to skin of a 
human or animal, such as mouse) and a tissue sample (e. g., of 
the skin surface and underlying dermis and epidermis) is 
obtained and agonist content determined. Tissue samples can 
be obtained using routine methods, such as punch biopsy or 
excision. Agonist content can be determined using quantia 
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tive methods such as HPLC-MS (see, Examples), as appro 
priate for the particular agonist used. Optionally, separate 
determinations can be made for the dermal and epidermal 
layers and the values combined. 

In one embodiment the TRPVl agonist is capsaicin. 
In an embodiment, the mammal is a human subject. The 

human subject may be in normal health, or may suffer from a 
capsaicin-responsive condition. 

In a further aspect, the amount of agonist delivered to the 
underlying tissue (dermis and epidermis) is su?icient to 
reduce the density of functional nociceptive nerve ?bers in 
the epidermis and dermis (i.e., reduced nerve ?ber function) 
by at least about 20% When measured 1, 2, 3, 4, 5, 6 or 7 days 
after said contacting step. In alternative embodiments the 
reduction is at least about 30%, at least about 40%, at least 
about 50%, at least about 60%, at least about 70%, or at least 
about 80% compared to an untreated region. It Will be clear 
that When agonist concentration and NFF are determined in 
the same individual subject, the determinations are made 
using different tissues areas. More often, hoWever, assays can 
be carried out in different subjects to establish that speci?ed 
conditions of contacting (using a TRPVl agonist in combi 
nation With compositions of the invention result in the speci 
?ed delivery of agonist and/or reduction in NFF. 

4.1 The “Mouse Skin Absorption Assay” 
The “mouse skin absorption assay” is an in vitro Franz 

cell-based assay in Which skin of Nu/Nu (“nude”) mice is 
used to determine (1) the amount of agonist that enters the 
skin folloWing administration of agonist to a 0.8 cm2 area of 
skin surface for 15 minutes; (2) the proportion of agonist in 
the skin that is found in each of the epidermal and dermal 
layers; and (3) the amount of agonist that penetrates the skin 
(i.e., enters the receptor chamber of the Franz cell). This 
assay, Which is described in detail in Example 1, infra, mea 
sures the amount of agonist that is retained in the dermis and 
epidermis ?fteen (15) minutes after the surface of the skin is 
contacted With a composition containing the agonist. Consis 
tent With reports that in vitro studies With nude mouse skin are 
predictive of the result obtained in living animals (Venter et 
al., 2001, “A comparative study of an in situ adapted diffusion 
cell and an in vitro Franz diffusion cell method for transder 
mal absorption of doxylamine” Eur J Pharm Sci. 13: 169-77) 
delivery of TRPVl agonist to skin in the mouse skin model 
correlates With reduction of nerve ?ber functionality in vivo 
folloWing administration of the agonist (see Examples, illus 
trating a relationship betWeen delivery of a TRPVl agonist 
into nude mouse skin in vitro and the pharmacological effects 
on cutaneous nerve ?ber immunostaining in in vivo assays). 
In mammals, physical processes such as diffusion, partition 
ing and physical binding vary in a predictable manner (Franz 
et al., 1992, In: Treatise on Controlled Drug Delivery. Edited 
by A Kydonieus. Marcel Dekker, Inc. NeW York), and in vitro 
nude mouse skin studies are considered predictive of the 
penetration rates of drug substance and solvents in human 
skin (Durrheim et al., 1980, “Permeation of hairless mouse 
skin I: Experimental methods and comparison With human 
epidermal permeation by alkanols” J Pharm. Sci. 69:781-6; 
see also Tojo, 1987, “Mathematical modeling of skin perme 
ation of drugs” J. Chem. Eng. Jpn. 20:300-308; and Tojo, 
1988, “Concentration pro?le in plasma after transdermal 
drug delivery” Int. J. Pharm. 43:201-205). Notably, the loW 
density of hair follicles in hairless animal species such as the 
nude mouse brings these membranes closer in that respect to 
human skin (KatZ, 1993, “Rationale and Approaches to Skin 
Permeation” In: Skin Permeation, Fundamentals and Appli 
cation, Edited by J L. ZatZ. Allured Publishing Corp. 
Wheaton, Ill.). 
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Using the mouse skin absorption assay, several values can 
be measured. The amounts of agonist that enter the epidermis 
(“E”) and dermis (“D”) can be measured. (In the values 
reported in the examples, the amount that enters the 0.8 cm2 
cross section of skin is normalized to 1 cm2 by multiplying by 
1.25). The ratio of these tWo values (“E/ D”), referred to as the 
“distribution effect” is a measure of the relative distribution of 
agonist in the tWo skin layers, With equal distribution (on 
either a molar or mass basis, as speci?ed) giving a ratio of 1. 
The sum of these tWo values (E plus D) is the total amount of 
agonist delivered to the skin (“S”) under the assay conditions. 
The amount of agonist that passes through the skin and enters 
the receptor chamber of the Franz cell (“P”) can also be 
measured. The ratio of the amount of agonist that passes 
through the skin to the amount that is retained in skin (“P/ S”) 
is referred to as the “depot effect.” The units of E, D and S can 
be molar (e.g., nmole agonist) or Weight (e.g., microgram 
agonist). E/ D and P/ S are unitless. 
5. The Administered Composition 

In one aspect of the invention, a TRPVl agonist is admin 
istered as a composition (“the administered composition”) 
containing at least one penetration enhancer. The applied 
composition of the invention can be described as having three 
components: 

1.A solvent system in Which the TRPVl agonist is soluble, 
containing at least one penetration enhancer; 

2. The TRPVl agonist(s) and/or one or more additional 
therapeutically active agents; 

3. Additional components that, if present, account for not 
more than 5% (W/v) of the composition. 

In some embodiments of the invention the solvent system is 
characterized by having a high concentration of penetration 
enhancer(s). 

5.1 Solvent System 
5. 1 . 1 Penetration Enhancers 

A solvent system of the invention can contain a penetration 
enhancer or combination of penetration enhancers. Penetra 
tion enhancers are Well knoWn in the art, and are compositions 
that provide marked intraderrnal or percutaneous delivery of 
an agent (see Smith and Maibach, in Perculaneous Penetra 
Zion Enhancers; CRC Press: Florida 1995; pp 1-8, e.g., Table 
1; also see Barry, B. W. “Vehicle Effect: What Is an 
Enhancer?” In: TOPICAL DRUG BIOAVAILABILITY, BIOEQUIVALENCE, 
AND PENETRATION. Shah & Maibach. Eds. Plenum Press: NeW 
York, 1993; pp 261 -76). 

Without intending to be bound by a speci?c mechanism, 
penetration enhancers are believed to operate by several 
mechanisms, Which include ‘shunting’ the drug substance 
through pores, sWeat glands and hair follicles, and opening 
the intercellular spaces of the stratum corneum (Asbill et al., 
2000, “Enhancement of transdermal drug delivery: chemical 
and physical approaches,” Crit Rev T her Drug Carrier Sysl. 
17:621-58). Regarding the latter, the proteinaceous intracel 
lular matrices of the stratum corneum, together With the 
diverse biochemical environments of the intercellular 
domains in the stratum corneum, represent a formidable bar 
rier to drugs before they can reach the deeper parts of epider 
mis (e.g., the stratum germinativum) and dermis. Once 
absorbed into the stratum corneum, effects of the penetration 
enhancer may include altering the solvent potential of the 
stratum corneum biochemical environment (i.e., the ability of 
stratum corneum to retain drug substances in a non-crystal 
line form), and disordering the ordered structure of the inter 
cellular lipid region (for example, due to insertion of the 
enhancer molecule betWeen the parallel carbon chains of the 
fatty acids). Exemplary penetration enhancers are listed, for 
illustration and not limitation, beloW (see, e. g., in Tables 1-3). 
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Other penetration enhancers can be identi?ed using routine 
assays, e.g., in vitro skin permeation studies on rat, pig or 
human skin using Franz diffusion cells (see Franz et al., 
“Transdermal Delivery” In: Treatise on Controlled Drug 
Delivery. A. Kydonieus. Ed. Marcell Dekker: NeW York, 
1992; pp 341-421). Many other methods for evaluation of 
enhancers are knoWn in the art, including the high throughput 
methods of Karande and Mitragotri, 2002, “High throughput 
screening of transdermal formulations” Pharm Res 19:655 
60, and Karande and Mitragotri, 2004, “Discovery of trans 
dermal penetration enhancers by high-throughput screen 
ing”). 

Penetration enhancers suitable for use in the present inven 
tion are pharmaceutically acceptable penetration enhancers. 
A pharmaceutically acceptable penetration enhancer can be 
applied to the skin of a human patient Without detrimental 
effects (i.e., has loW or acceptable toxicity at the levels used). 

Penetration enhancers suitable for use in the present inven 
tion include, but are not limited to, enhancers from any of the 
folloWing classes: fatty alcohols, fatty acids (linear or 
branched); terpenes (e.g., mono, di and sequiterpenes; hydro 
carbons, alcohols, ketones); fatty acid esters, organic acids, 
ethers, amides, amines, hydrocarbons, alcohols, phenols, 
polyols, surfactants (anionic, cationic, nonionic, bile salts). 

Penetration enhancers can be characterized by a variety of 
physical, as Well as structural, properties. For example, in 
some embodiments of the present invention, a penetration 
enhancer component of the solvent system has a molecular 
Weight not greater than 400, is liquid at room temperature, 
and has a vapor pressure less than 10 mm Hg at 32° C. 
Examples, for illustration and not limitation, of such com 
pounds are provided in Table 1. (Tables 1-5 are provided at the 
end of the speci?cation.) 

In some embodiments of the present invention, a penetra 
tion enhancer component of the solvent system has a molecu 
lar Weight not greater than 400, is liquid at room temperature, 
but Which have a vapor pressure greater than 10 mm Hg. 
Penetration enhancers of this type usually constitute less than 
100% (v/v) of the solvent system, more usually not more than 
95% of the solvent system, even more usually not more than 
75%, still more usually not more than 50% of the solvent 
system, and most usually these penetration enhancers con 
tribute no more than about 30% (v/v) of the solvent system. 
Examples, for illustration and not limitation, of such com 
pounds are provided in Table 2. 

In some embodiments of the present invention, a penetra 
tion enhancer component of the solvent system is not liquid at 
room temperature (e.g., myristyl alcohol). Such “solid pen 
etration enhancers” are not generally used as the sole com 
ponent of the solvent system. HoWever, a solvent system that 
contains a mixture of components can include a solid pen 
etration enhancer(s), so long as the solid penetration enhancer 
itself is in a solution. For example, a solvent system contain 
ing 95% diethylene glycol monoethyl ether and 5% myristyl 
alcohol (Where the myristyl alcohol is in solution) can be 
used. Penetration enhancers of this type usually constitute 
less than 100% (v/v) of the solvent system, more usually not 
more than 95% of the solvent system, even more usually not 
more than 75%, still more usually not more than 50% of the 
solvent system, and most usually these penetration enhancers 
contribute no more than about 30% (v/v) of the solvent sys 
tem. Examples, for illustration and not limitation, of such 
compounds are provided in Table 3. 

In some embodiments of the present invention, a penetra 
tion enhancer component of the solvent system has a molecu 
lar Weight less than 50. Penetration enhancers of this type 
usually constitute less than 100% (v/v) of the solvent system, 
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more usually not more than 95% of the solvent system, even 
more usually not more than 75%, still more usually not more 
than 50% of the solvent system, and most usually these pen 
etration enhancers contribute no more than about 30% (v/v) 
of the solvent system. 

In some embodiments of the present invention, a penetra 
tion enhancer component of the solvent system is a surfactant. 
In certain embodiments, the proportion of the solvent system 
that made up of surfactants is not more than 5% (v/v). 

In some embodiments of the present invention, a penetra 
tion enhancer component of the solvent system is a urea. In 
certain embodiments, the proportion of the solvent system 
that made up of ureas is not more than 10% (v/v), or alterna 
tively not more than 5% (v/v). 

In one embodiment, the solvent system contains only one 
penetration enhancer. In a related embodiment, the solvent 
system contains tWo penetration enhancers, three penetration 
enhancers, four penetration enhancers, ?ve penetration 
enhancers, or more than ?ve penetration enhancers. Usually 
the solvent system contains one to four penetration enhanc 
ers. 

Penetration enhancers particularly suited for use in the 
present invention include fatty alcohols and terpenes. 

Examples of useful fatty alcohols useful as penetration 
enhancers include oleyl alcohol, elaidyl alcohol, linoleyl 
alcohol, elaidolinoleyl alcohol, linolenyl alcohol, elaidolino 
lenyl alcohol, cetyl-stearyl alcohol, lauryl-myristyl alcohol, 
octyl-decyl alcohol, octyl alcohol, decyl alcohol, myristyl 
alcohol, cetyl alcohol, stearyl alcohol, lauryl alcohol, 2-lauryl 
alcohol, ricinol alcohol, talloW alcohol, and caprylic alcohol. 

Terpenes have molecular formulas (CMHZMA), and are clas 
si?ed according to the number of isoprene units. Terpenes can 
occur theoretically in the following four con?gurations: (1) 
Three double bonds and no cycle (e.g., ocimene and 
myrecene), (2) TWo double bonds and one cycle (e.g., 
limonene and Carveol), One double bond and tWo cycle (e. g., 
ot-pinene or [3-pinene and Limonene oxide). Sesquiterpenes 
have formula (CnH2n_6) and can theoretically occur in variety 
of con?gurations. Given the diverse nature of Terpenes and 
lack of strict de?nition of classi?cation of terpenes, the fore 
going description of terpenes and sesquiterpenes is not 
intended to restrict the invention in any manner. 

Other examples include monoterpenes (2 isoprene units), 
sesquiterpenes (3 isoprene units), diterpenes (4, isoprene 
units), triterpenes (6 isoprene units) and tetraterpenes (8 iso 
prene units). Examples of monoterpenes are: nerol, citral, 
camphor, menthol. Examples of sesquiterpenes are: neroli 
dol, farnesol. Examples of diterpenes are: phytol, vitaminA1 . 
Squalene is an example of a triterpene, and carotene (provi 
taminA1) is a tetraterpene. Examples, for illustration and not 
limitation, of terpenes useful as penetration enhancers 
include methylnoneonoic acid and methylnoneonoyl alcohol, 
oxide, cyclopentene oxide D-limonene, [3-carene, ot-terpin 
eol, terpinen-4-ol, carvone, pulegone, piperitone, menthone, 
and 1,8-cineole. In one embodiment, terpenes used in the 
practice of the invention have a molecular Weight less than 
600. In one embodiment, terpenes used in the practice of the 
invention have a molecular Weight greater than 100. In one 
aspect, the present invention provides a method of increasing 
the amount of a topically applied TRPVI agonist that enters 
the epidermal and dermal layers by topically applying the 
molecule in a composition comprising a terpene. In an 
embodiment, the invention provides a pharmaceutical com 
position comprising a terpene and a TRPVI agonist. in an 
embodiment, the TRPVI agonist is capsaicin. In an embodi 
ment, the terpene is methylnonenoic acid or methylnonenoyl 
alcohol. In another embodiment, the terpene is selected from 
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the group consisting of ot-pinene oxide, limonene oxide, 
cyclopentene oxide D-limonene, ot-pinene, [3-carene, ot-ter 
pineol, terpinen-4-ol, carvol, carvone, pulegone, piperitone, 
menthone, and 1,8-cineole. 
One useful penetration enhancer of the solvent system is 

menthone. In some versions of the invention, the solvent 
system contains at least about 50%, at least about 70%, at 
least about 80%, at least about 90%, at least about 95%, or 
about 100% menthone. 

Another useful penetration enhancer of the solvent system 
is methylnonenoic acid. In some versions of the invention, the 
solvent system contains at least about 50% (v/v), at least 
about 70%, at least about 80%, or at least about 90% meth 
ylnonenoic acid. In one aspect, the invention provides a phar 
maceutical composition containing a TRPVI agonist (e.g., 
capsaicin) and methylnonenoic acid. 

Another useful penetration enhancer of the solvent system 
is methylnonenoyl alcohol. In some versions of the invention, 
the solvent system contains at least about 50% (v/v), at least 
about 70%, at least about 80%, or at least about 90% meth 
ylnonenoyl alcohol. In one aspect, the invention provides a 
pharmaceutical composition containing a TRPVI agonist 
(e.g., capsaicin) and methylnonenoyl alcohol. In another 
aspect, the invention provides a method for increasing deliv 
ery of a TRPVI agonist to a tissue (e.g., epidermis and/or 
dermis) by administering a composition containing the ago 
nist and methylnonenoyl alcohol. 
The use of methylnonenoyl alcohol and methylnonenoic 

acid to enhance dermal penetration of therapeutically active 
agents such as capsaicin has not previously been described. In 
one aspect, the present invention provides a method of 
increasing the amount of a topically applied molecule that 
enters the epidermal and dermal layers by topically applying 
the molecule in a composition comprising methylnonenoyl 
alcohol or methylnonenoic acid. In an embodiment, the mol 
ecule is a therapeutically active agent. In an embodiment, the 
molecule is a TRPVI agonist. 

Another useful penetration enhancer of the solvent system 
is cetyl alcohol. In some versions of the invention, the solvent 
system contains at least about 10% (v/v), at least about 20%, 
at least about 30%, or at least about 40% cetyl alcohol. 

Another useful penetration enhancer of the solvent system 
is oleyl alcohol. In some versions of the invention, the solvent 
system contains at least about 50% (v/v), at least about 70%, 
at least about 80%, or at least about 90% oleyl alcohol. 

Another useful penetration enhancer of the solvent system 
is propylene glycol. In some versions of the invention, the 
solvent system contains at least about 50% (v/v), at least 
about 70%, at least about 80%, or at least about 90% propy 
lene glycol. 

Another useful penetration enhancer of the solvent system 
is diethylene glycol monoethyl ether (DGME), Which is com 
mercially available as Transcutol® (Gattefossé Corp., Para 
mus, N.J.). In some versions of the invention, the solvent 
system contains at least about 70% (v/v), at least about 80%, 
at least about 90%, at least about 95%, or at least about 99% 
diethylene glycol monoethyl ether. In some embodiments of 
the invention, the solvent system does not contain DGME or 
DGME constitutes not more than 95% of the solvent system, 
alternatively not more than 75% of the solvent system, alter 
natively not more than 50% of the solvent system, and alter 
natively not more than about 30% (v/v) of the solvent system. 

In some embodiments, the solvent system contains one, or 
tWo or more of the folloWing penetration enhancers: men 
thone, methylnonenoic alcohol, methylnonenoic acid, oleyl 
alcohol, isopropyl myristate, dimethyl isosorbide, and propy 
lene glycol. 
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Exemplary solvent systems contain the following combi 
nations of penetration enhancers, With Zero, or optionally one, 
tWo, three or more than three additional penetration enhanc 
ers: d-pipertone and oleic acid; l-menthone and oleic acid; 
1-menthone and ethyl oleate; 1-menthone and benZyl alco 
hol; ethylene glycol and 1-menthone; benZyl alcohol and 
oleyl alcoholic; 1-menthone and cetyl alcohol; 1,3 -butanediol 
and oleic acid; diethylene glycol monoethyl ether and 1-men 
thone; ethelyne glycol and oleic acid; isopropyl myristate; 
oleyl alcohol and 1-3, butandiol; l-menthone and isopropyl 
butyrate; 1-menthone and 1,3-butanediol; n-hexane and oleic 
acid; menthone and methanol; methylnonenoic acid and 
n-hexane; oleyl alcohol and propylene glycol; methylnon 
enoic alcohol and dimethylacetamide and Brij. 

Exemplary solvent systems are (i) menthone 90% (v/v) 
plus methanol 10% (v/v); (ii) methylnonenoic acid 95% plus 
n-hexane 5%; (iii) oleyl alcohol 20% plus propylene glycol 
80%; (iv) methylnonenoic alcohol 94% plus dimethylaceta 
mide 5% plus Brij -35 1%. Capsaicin is expected to be stable 
for extended periods in these formulations, Which are highly 
lipophilic and absorb little Water. Additional exemplary sol 
vent systems, for illustration and not limitation, are shoWn in 
Table 6. 
When the solvent system contains more than one penetra 

tion enhancer, it is sometimes the case that one of the pen 
etration enhancers predominates in the mixture. For example, 
in embodiments of the invention, the ratio of the predominant 
penetration enhancer to the sum of the other penetration 
enhancers in the solvent system is at least about 2:1, at least 
about 3:1; at least about 5: 1, at least about 8:1, at least about 
9:1 (v/v) or at least about 20:1. In one embodiment, the 
predominant penetration enhancer is diethylene glycol mono 
ethyl ether. In one embodiment, the predominant penetration 
enhancer is menthone. 

Exemplary penetration enhancers include stearyl alcohol, 
oleyl alcohol, linoleyl alcohol, linolenyl alcohol, caprylic 
alcohol, decyl alcohol, lauryl alcohol, Propylene glycol, 
polyethylene glycol, ethylene glycol, diethylene glycol, tri 
ethylene glycol, ethoxy digkycol, dipropylene glycol, glyc 
erol, propanediol, butanediol, pentanediol, hexanetriol 2-lau 
ryl alcohol, myristyl alcohol, cetyl alcohol, capric acid, lauric 
acid, myristic acid, stearic acid, oleic acid, caprylic acid, 
valeric acid, heptanoic acid, pelagonic acid, caproic acid, 
isovaleric acid, neopentanoic acid, trimethyl hexanoic acid, 
neodecanoic acid, isostearic acid, neoheptanoic acid, neo 
nonanoic acid, isopropyl n-decanoate, isopropyl palmitate, 
octyldodecyl myristate, ethyl acetate, butyl acetate, methyl 
acetate, isopropyl n-butyrate, ethylvalerate, methylpropi 
onate, diethyl sebacate, ethyl oleate, isopropyl n-hexanoate, 
isopropyl myristate, urea, dimethylacetamide, diethyltolua 
mide, dimethylformamide, dimethyloctamide, dimethylde 
camide, 1-hexyl-4-methoxycarbonyl-2-pyrrolidone, 1-lau 
ryl-4 -carboxy-2 -pyrrolidone, 1-methyl-4 -carboxy-2 
pyrrolidone, 1-alkyl-4-imidaZolin-2 -one, 1-methyl-2 
pyrrolidone, 2-pyrrolidone, 1-lauryl-2-pyrrolidone, 1-hexyl 
4-carboxy-2-pyrrolidone, 1-methyl-4-methoxycarbonyl-2 
pyrrolidone, 1-lauryl-4-methoxycarbonyl-2-pyrrolidone, 
dimethylsulfoxide, decylmethylsulfoxide, N-cocoalkypyr 
rolidone, N-dimethylaminopropylpyrrolidone, N-talloW 
alkylpyrrolidone, N-cyclohexylpyrrolidone, 1-famesylaZa 
cycloheptan-2-one, 1-geranylgeranylaZacycloheptan-2-one, 
fatty acid esters of -(2-hydroxyethyl)-2-pyrrolidone, 1-gera 
nylaZacycloheptan-2-one, 1-dodecylaZacycloheptane-2-one 
(AZone®), 1 -(3 ,7-dimethyloctyl)aZacycloheptan-2-one, 
1-geranylaZacyclohexane-2-one, 1-(3,7,1 l-trimethyldode 
cyl)aZacyclohaptan-2-one, 1-geranylaZacyclopentan-2,5-di 
one, 1-famesylaZacyclopentan-2-one, benZyl alcohol, 
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butanol, pentanol, hexanol, octanol, nonanol, decanol, etha 
nol, 2-butanol, 2-pentanol, propanol, diethanolamine, trietha 
nolamine; hexamethylenelauramide and its derivatives, ben 
Zalkonium chloride, sodium laurate, sodium lauryl sulfate; 
cetylpyridinium chloride, citric acid, succinic acid, salicylic 
acid. sylicylate Cetyltrimethyl ammonium bromide, tetrade 
cyltrimethylammonium bromide; octadecyltrimethylammo 
nium chloride; dodecyltrimethylammonium chloride, hexa 
decyltrimethylammonium chloride, Span 20, Span 40, Span 
60, Span 80, Span 85, Poloxamer231, Poloxamer182, Polox 
amer184), Brij 30, Brij 35, Brij 93, Brij 96, Span 99, Myrj45, 
Myrj51, Myrj52, Miglyol 840, glycholic, sodium salts of 
taurocholic, lecithin, sodium cholate, desoxycholic acids, 
D-limonene, ot-pinene, [3-carene, ot-terpineol, terpinen-4-ol, 
carvol, carvone, pulegone, piperitone, Ylang ylang, men 
thone, anise, chenopodium, eucalyptus, limonene oxide, 
ot-pinene oxide, cyclopentene oxide, 1,8-cineole, cyclohex 
ene oxide, N-heptane, N-octane, N-nonane, N-decane, N-un 
decane, N-dodecane, N-tridecane, N-tetradecane, N-hexade 
cane, and essential oils (e.g., tea tree oils). 
As discussed beloW, in some embodiments the solvent 

system may contain elements other than the penetration 
enhancer(s), such as Water or other excipient. In some 
embodiments, the penetration enhancer (if the solvent system 
contains only one penetration enhancer) or penetration 
enhancers together (if the solvent system contains more than 
one penetration enhancer) account for at least about 20% of 
the volume of the solvent system. Often the penetration 
enhancer(s) account for at least about 40% of the volume of 
the solvent system, often at least about 50% of the volume of 
the solvent system, often at least about 75% of the volume of 
the solvent system, often at least about 80% of the volume of 
the solvent system, often at least about 90% of the volume of 
the solvent system, often at least about 95% of the volume of 
the solvent system, often at least about 98% of the volume of 
the solvent system, sometimes at least about 99% of the 
volume of the solvent system, sometimes at least about 99.5% 
of the volume of the solvent system, and sometimes 100% of 
the volume of the solvent system. 

5.1.2 Other Components of the Solvent System 
In some embodiments of the invention, the solvent system 

contains liquid components (Water, saline, etc.) in addition to 
a penetration enhancer or combination of penetration enhanc 
ers. In some embodiments of the invention, the solvent system 
is biphasic and the TRPVI agonist is soluble in at least one 
phase. In an embodiment solvent system is monophasic. 

5.2 TRPVI Agonist and/or Other Therapeutically Active 
Agents 

5.2.1 Administration of TRPVI Agonists 
Exemplary TRPVI agonists are described above (Section 

3). In some embodiments of the invention the administered 
composition also contains one or more additional therapeu 
tically active agents that are co-administered With the TRPVI 
agonist(s). 

Using the methods and compositions disclosed herein, 
therapeutically effective amounts of TRPVI agonists such as 
capsaicin can be administered (e.g., topically) to a subject 
much more rapidly than is possible using conventional for 
mulations. Capsaicin-mediated therapeutic bene?ts (includ 
ing reduction of the density of cutaneous or mucosal nocice 
ptors and amelioration of capsaicin-responsive conditions 
and/or their characteristic symptoms) can be achieved by 
administration of capsaicin at a loWer concentration and/or 
for a shorter period than heretofore believed or demonstrated. 
For some applications it Will be desirable to use a relatively 
high concentration for a short time, While in other cases there 
Will be advantages to using a loWer concentration. The con 
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centration of TRPVl agonist in the composition can range 
from 0.05 to 60% W/v, depending on the speci?c TRPVl 
agonist, solvent system used, and desired outcome. 

In some embodiments, the concentration of TRPVl ago 
nist in the composition of the invention is in the range about 
1% (W/v) to about 40%, about 5% to about 25%, about 10% 
to about 20%, or about 15%. 

In one embodiment, the concentration of TRPVl agonist is 
less than about 3% (W/v). In some embodiments, the concen 
tration of TRPVl agonist in the composition of the invention 
is in the range about 0.001% to about 20%, about 0.05% to 
about 20%, about 0.1% to about 10%, or about 0.1% to about 
5%. In one embodiment, the concentration of TRPVl agonist 
is less than about 3%. Other exemplary ranges are from about 
0.001% to about 0.09%, about 0.001% to about 0.05%, about 
0.001% to about 0.5%, from about 0.01% to about 1%, about 
1% to about 5%, about 1% to about 10%, about 2% to about 
7%, and about 2% to about 5%. In various embodiments, the 
TRPVl agonist is present at a concentration in a range 
bounded by a loWer limit of 0.001%, 0.010%, 0.05%, 0.1%, 
0.5%, 0.75%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 7.5%, or 10% 
and an independently selected upper limit of 0.010%, 0.05%, 
0.5%, 1% 2%, 3%, 4%, 5%, 6%, 7%, 7.5%, 10%, 20%, 30%, 
40%, 50% or 60% (Where the upper limit is greater than the 
loWer limit). 

In one embodiment, capsaicin (or a capsaicin analog) at a 
concentration of less than 5% (W/v), less than about 3%, less 
than about 2%, less than about 1%, or less than about 0.5%. 

Usually, the concentration of TRPVl agonist is such that a 
therapeutically effective dose of the TRPVl agonist can be 
delivered in a volume that is conveniently applied to the skin 
of the subject (e.g., usually a volume of from about 5 uL to 50 
ML per 1 cm2, often a volume ofabout 50 ML per 1 cm2, often 
about 25 ML per 1 cm2, often about 10 ML per 1 cm2, often 
betWeen about 5 ML and 25 ML per 1 cm2 or about 5 ML and 10 
ML per 1 cm2). 

In one embodiment, a composition of the invention con 
tains more than one TRPVl agonist (e. g., tWo, three, four, or 
more TRPVl agonists). In one embodiment, the composition 
contains capsaicin and another TRPVl agonist. Usually the 
combined concentration of TRPVl agonists in the composi 
tion is 0.05 to 60% W/v, more often 0.05% to 10%, frequently 
0.1% to 15%, 0.1% to 10%, or 1% to 10%. In one embodi 
ment, the composition of the invention contains a single 
TRPVl agonist. In one embodiment, the TRPVl agonist is 
capsaicin. 

5.3 TherapeuticallyActiveAgents Other than TRPVl Ago 
nists 

In some embodiments, the administered composition 
includes one or more additional therapeutically active agents 
(“TAA”) that are co-admini stered With the TRPVl agonist(s). 
As used herein, the term therapeutically active agent refers to 
an agent, other than a TRPVl agonist, With a biologically 
desirable activity that can be administered to a subject by 
topical application to the skin, eyes, or to oral or nasal 
mucosa. Typically, the TAA has a molecular Weight less than 
1000, often less than 500. It Will be understood that penetra 
tion enhancers, vehicles, solvents and the like are not 
examples of TAAs. 

In one embodiment an additional therapeutically active 
agent co-administered With the TRPVl agonist(s) is a local 
anesthetic. Exemplary local anesthetics include, Without 
limitation, acetamidoeugenol, alfadolone acetate, alfaxalone, 
amucaine, amolanone, amylocalne, benoxinate, benZocaine, 
betoxycaine, biphenamine, bupivacaine, burethamine, 
butacaine, butaben, butanilicaine, buthalital, butoxycaine, 
carticaine, 2-chloroprocaine, cocaethylene, cocaine, cyclom 
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ethycaine, dibucaine, dimethisoquin, dimethocaine, dipera 
don, dyclonine, ecgonidine, ecgonine, ethyl aminobenZoate, 
ethyl chloride, etidocaine, etoxadrol, [3-eucaine, euprocin, 
fenalcomine, fomocaine, hexobarbital, hexylcaine, hydroxy 
dione, hydroxyprocaine, hydroxytetracaine, isobutyl p-ami 
nobenZoate, ketamine, leucinocaine mesylate, levoxadrol, 
lidocaine, mepivacaine, meprylcaine, metabutoxycaine, 
methohexital, methyl chloride, midaZolam, myrtecaine, nae 
paine, octacaine, orthocaine, oxethaZaine, parethoxycaine, 
phenacaine, phencyclidine, phenol, piperocaine, piridocaine, 
polidocanol, pramoxine, prilocalne, procaine, propanidid, 
propanocaine, proparacaine, propipocaine, propofol, pro 
poxycaine, pseudococaine, pyrrocaine, risocaine, salicyl 
alcohol, tetracaine, thialbarbital, thimylal, thiobutabarbital, 
thiopental, tolycaine, trimecaine, and Zolamine, and combi 
nations thereof. 

In other embodiments, the additional therapeutically active 
agent(s) co-administered With the TRPVl agonist(s) are other 
than a local anesthetic. For example and not limitation, the 
TAA can be a steroid, a non-steroidal anti-in?ammatory drug 
(e.g., ibuprofen, ketoprofen, ?urbiprofen, naproxen, ketoro 
lac and diclofenac), opioid analgesic (e. g., fentanyl and 
buprenorphine), antineoplastic agent (e.g., 5-?urouracil), or 
any of a variety of other drugs. Generally, the TAA is an agent 
for Which local (e.g., dermal) administration is desired. 
The concentration of the TAA in the composition can range 

from 0.05 to 60% W/v, depending on the speci?c TAA and the 
solvent system used. The concentration of TAA in the com 
position is usually in the range about 0.05% to about 10%, 
often in the range about 0.1% to about 10%, and most often in 
the range about 0.1% to about 5%. Usually, the concentration 
is such that a therapeutically effective dose of the TAA can be 
delivered in a volume that is conveniently applied to the skin 
of the subject (e.g., usually a volume of betWeen about 0.05 
mL and 10 mL, more often betWeen about 0.1 mL and 5 mL, 
even more often betWeen about 0.25 mL and 1 mL.) 

In various embodiments, the TRPVl agonist is at a con 
centration in a range bounded by a loWer limit of 0.001% 
(W/v), 0.010%, 0.05%, 0.1%, 0.5%, 1%, 2%, 3%, 4%, 5%, 
6%, 7%, 7.5%, or 10% and an independently selected upper 
limit of 0.001%, 0.010%, 0.05%, 0.1%, 0.5%, 1%, 2%, 3%, 
4%, 5%, 6%, 7%, 7.5%, 10%, 20%, 30%, 40%, 50% or 60% 
(Where the upper limit is greater than the loWer limit) and the 
local anesthetic is at a concentration in a range bounded by a 
loWer limit of 0.1%, 0.5%, 1%, or 2% and an independently 
selected upper limit of 0.5%, 1%, 2%, 5% or 10% (Where the 
upper limit is greater than the loWer limit). In an embodiment, 
the local anesthetic is tetracaine. Usually, the combined con 
centration of TRPVl agonist and other TAA(s) is in the range 
0.05 to 60% W/v, more often 0.05% to 10%, and frequently 
0.1% to 10%. 

5 .4 Administration of Therapeutically Active Agents Other 
Than TRPVl Agonists 

In a related aspect of the invention, a therapeutically active 
agent other than a TRPVl agonist is administered as a com 
position that includes a solvent system as described elseWhere 
herein With respect to administered compositions of the 
invention. Thus, the TAA composition has the folloWing: 

1 .A solvent system in Which the TAA is soluble, containing 
at least one penetration enhancer; 

2. One or more TAAs; 
3. Additional components that, if present, account for not 
more than 5% (W/v) of the composition. 

In preferred embodiments, the solvent system is character 
iZed by having a high concentration of penetration 
enhancer(s), such as at least about 50%, at least about 75%, at 
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least about 85%, at least about 90%, at least about 95%, at 
least about 99%, at least about 99.5%, or 100%. 

Exemplary TAAs that can be administered using the com 
positions include those listed in Section 5.2, supra, and are 
typically agents for Which local (e. g., dermal) administration 
is desired and are often drugs that act at a site very close to the 
site of administration (e.g., local anesthetics). 

5.5 Other Components of the Administered Composition 
The composition may also contain stabilizers, pH modi? 

ers, colorants and fragrance or other compounds. These com 
ponents account for less than about 5% (W/v) of the compo 
sition, more often less than about 2%, and often less than 
about 1% or even about 0.5% of the composition. 

Stabilizers useful in the compositions include materials 
that aid in ensuring a stable composition (e. g., maintenance of 
viscosity over time, maintenance of pH over time, or mainte 
nance of purity, appearance, homogeneity, and/or color over 
time) and/ or prevent groWth of bacteria or other microorgan 
isms and/ or to maintain the chemical stability of the agonist or 
other therapeutically active agent against hydrolysis, oxida 
tion, thermal or photolytic degradation. Exemplary stabiliZ 
ers include antioxidants, chelators, preservatives (e.g., diso 
dium edetate, beta-carotene, tocopherols, beta-tocopherols, 
tocopherol acetate, octyl gallate, ascorbyl palmitate, buty 
lated hydroxyanisole, butylated hydroxytoluene); antimicro 
bial agents (i.e., include any compound effective in reducing 
or preventing build up of microbial load in the formulation, 
e.g., parabens, methylparaben, propylparaben, butylparaben, 
methyl salicylate, phenethyl alcohol, and resorcinol); and 
other agents (see, e.g., US. Pat. Nos. 6,013,270 and 6,390, 
291). 

5.6 Optional Agents not Generally Required and Some 
times Omitted or Present in Only Small Amounts 

Topically administered agents are often administered in 
moderate to high viscosity forms (e. g., as a gel, lotion or 
cream) or via a topical or transdermal patch. In some embodi 
ments of the invention, a composition of the invention is an 
“immediate-release composition” in Which all or most (i.e., 
entire dose) of the therapeutic agent is available at the site of 
administration (e. g., skin, mucosa or epithelial surface) rather 
than administered over a sustained period. In some embodi 
ments, the composition is a loW viscosity composition (i.e., 
TRPVl agonists are delivered in a loW viscosity composi 
tion). As used in this context, a loW viscosity composition is 
one having a viscosity less than about 5000 centipoise (cps), 
sometimes less than about 1000 cps, less than about 500 cps, 
less than about 100 cps, less than about 50 cps, less than about 
40 cps, less than about 20 cps, or less than about 10 cps When 
measured before application to the skin, or alternatively, 
When measured at 32° C. (skin temperature). Viscosity can be 
measured using standard methods, e.g., by cone-and-plate 
viscometer or coaxial-cylinder viscometer. Transderrnal 
patches (e.g., reservoir, matrix and micro reservoir patches) 
are Widely used for drug delivery, and are generally occlusive 
and/ or adherent devices. In addition, compositions delivered 
by patches are by nature “delayed release” compositions. 
Administration of a therapeutic agent Without the use of an 
occlusive patch device is referred to as “non-occlusive” 
administration or contacting. Administration of a therapeutic 
agent Without the use of a skin-adherent device is referred to 
as “non-adherent” administration or contacting. A therapeu 
tic agent administered Without the use of a delayed release 
mechanism is referred to as an “immediate release” compo 
sition. In certain embodiments of the present invention, 
TRPVl agonists are delivered Without the use of a transder 
mal patch device and/or Without the use of any occlusive 
and/ or Without the use of adhesive and/or as immediate deliv 
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22 
ery compositions.” In an embodiment, the TRPVl agonist of 
the administered composition enters tissue passively (i.e., 
Without the use of an occlusive material to increase speed of 
entry). 

Thus, in some embodiments of the invention, the adminis 
tered composition is free from agents generally added to 
compositions for topical administration to increase viscosity 
or otherWise maintain contact of a topically administered 
agent to the skin surface for an extended period and/ or added 
to modify ?oW characteristics to facilitate application to a 
de?ned area, or, if present, such agents are present at only 
very loW amounts (e.g., less than about 3% (W/v), less than 
about 1%, usually less than about 0.5%, and most usually less 
than 0.1%). For example, in some embodiments, ethyl cellu 
lose can be included, if at all, at a concentration of less than 
1%, more usually less than 0.5%, most usually less than 0.1% 
or less than 0.05%. 

Thus, in some embodiments, the administered composi 
tion has very loW viscosity and is free, or substantially free 
(Which, in this context, means less then 0.1% W/v) of thick 
eners and gelling agents such as alkene copolymers (e.g., 
butylene-ethylene- styrene copolymer or ethylene-propylene 
styrene copolymer), cross-linked polyacrylate polymers, car 
boxylic acid polymers, polyacrylamide polymers, acrylic 
acid/ ethyl acrylate copolymers, carboxyvinyl polymers, Car 
bopolTM resins (colloidally Water-soluble polyalkenyl poly 
ether crosslinked polymer of acrylic acid cross-linked With a 
cross-linking agent such as polyallyl sucrose or polyallyl 
pentaerythritol), acacia, agar, alginic acid, aluminum 
monostearate, attapulgite (activated or colloidal activated), 
bentonite, puri?ed bentonite, bentonite magma, carboxym 
ethylcellulose calcium, carboxymethylcellulose sodium, car 
boxymethylcellulose sodium 12, carrageenan, microcrystal 
line cellulose, carboxymethylcellulose sodium, dextrin, 
gelatin, guar gum, hyaluronic acid, hydroxyethyl cellulose, 
hydroxypropyl cellulose, hydroxypropyl methylcellulose, 
magnesium aluminum silicate, methylcellulose, pectin, poly 
ethylene oxide, polyvinyl alcohol, povidone, propylene gly 
col alginate, silicon dioxide, colloidal silicon dioxide, vis 
cous silicone oil (>5000 cps), silicone-based gels, sodium 
alginate, tragacanth, xanthan gum, and aluminum silicates. 

5.7 The Form of the Administered Composition 
In some embodiments of the invention, the administered 

composition is form suitable for administration to a subject 
(e.g., human patient). In one embodiment, the composition is 
provided in a unit dosage form or multiunit dosage form. As 
used herein, a unit dosage form means an amount of the 
administered composition suitable for a single administration 
to a single subject in need of treatment, and multiunit dosage 
form means an amount of the administered composition suit 
able for a multiple administrations (e. g., usually from 2 to 10 
administrations, more usually from 2 to 5 administrations, 
even more usually from 2 to 4 administrations and most 
usually 2 or 3 administrations). The unit dosage form and 
multiunit dosage form may be in the form of a liquid solution 
in one or more vials or similar containers. Typically the con 
tent of each vial Will be betWeen 0.1 mL and 100 mLs, more 
often from 0.5 to 50 mL, more often from 1 to 10 mL. In some 
embodiments, the unit dosage or multiunit dosage is con 
tained in a syringe, a dropper, a pipette or other liquid delivery 
device. In some embodiments, the unit dosage or multiunit 
dosage is contained in a spray or aerosol delivery device. In 
some embodiments, the unit dosage or multiunit dosage is 
contained in a syringe. In some embodiments the unit dosage 
or multiunit dosage is in the form of a toWellete or other 
absorbent material impregnated With the administered com 
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position. In one embodiment, each unit dosage or multiunit 
dosage is individually packaged in a package suitable for 
storage and/or shipping. 
6. Properties of Administered Composition and Solvent Sys 
tem 

This section describes additional properties of certain 
administered compositions that may be used in the practice of 
the invention. These properties may be used in selecting com 
binations of penetration enhancer(s) and other composition 
components for optimiZed use With a particular type and 
concentration of agonist. However, the useful compositions 
of the invention are not limited to compositions having all of 
the exemplary properties described beloW. 

6.1 The Administered Composition and Solvent System 
May be Liquid Solutions in Which the TRPVl Agonist(s) are 
Soluble 
As noted above, the TRPVl agonist is dissolved in the 

solvent system in an amount and at a concentration that Will 
vary according to the particular agonist, other TAAs present, 
the purpose of the composition, and the desired dose. In a 
preferred embodiment, Will be appreciated, hoWever, that in 
the present invention, the TRPVl agonist is fully in solution 
in the solvent system (e.g., present in an amount that is loWer 
than the saturation limit of the TRPVl agonist in the solvent 
system). Shaking, heating, sonication and the like may be 
used to drive an agonist into solution, so long as the agonist 
remains in solution at room or skin temperature after prepa 
ration. 

The compositions of the present invention may be homog 
enous solutions With substantially all of the TRPVl agonist 
dissolved in the composition (and often dissolved in the sol 
vent system component of the composition), and substan 
tially no suspended or undissolved particles of agonist. While 
the present invention is not limited to compositions display 
ing only particular maximum level of turbidity, those of skill 
in the art Will understand that generally, turbidity is minimal. 

6.2 The Composition May be Applied as a Thin Film 
Some compositions of the invention can be applied as a thin 

homogeneous ?lm, Which does not require occlusion, bioad 
hesives, or other additives or devices to effect pharmacologi 
cal action. The formulation may be applied through physical 
mechanical means including sWab, applicator pad, syringe 
spreader, or like devices intended to apply liquids in a thin 
?lm. Since the administered compositions of the invention are 
typically applied to skin at a dose of about 10 ML per cm2, 
sometimes ranging up to 20 or 30 uper cm2, these applications 
result in a composition ?lm thickness of about 100-300 um. 

Generally, the compositions of the invention are applied in 
a liquid volume of at least about 5 ul/cm2 application area 
(e. g., skin or mucosal surface), often at least about 7.5 ul/cm2 
application area, at least about 10 ul/cm2 application. 

The compositions result in a thin layer of a loW viscosity 
homogeneous liquid adsorbed to micro skin-surface irregu 
larities and ?oWing With body shape. The coverage, Wetting 
and intrinsic contouring given by liquid topical applications, 
alloWs for maximum surface exposure due to rheological and 
thermodynamic properties of a loW viscosity ?uid. The com 
positions demonstrate expected behaviors such as an initial 
Wetting sheen folloWed by gradual dissipation. Application as 
a thin ?lm may contribute to the ability of the formulations to 
depot in skin in very short application durations. 

6.3 The Composition May Disappear Rapidly Following 
Application 
Some compositions of the invention are characterized by 

rapid and substantially complete disappearance from the sur 
face of the skin folloWing application. In one embodiment, for 
example, the composition substantially disappears (e.g., is 
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absorbed and/ or is evaporated) Within about 30 minutes (and 
more usually Within 15 minutes, 10 minutes, often Within 
about 5 minutes, often Within about 2 minutes, and sometimes 
even Within 1 minute) after application of about 5 ML or 10 ML 
to skin (e.g., forearm) per cm2 skin area (e.g., 250 ML per 25 
cm2). By “substantially disappears” is meant that the majority 
(usually at least about 75%, at least about 90% or at least 
about 95%) of the composition applied topically has dis 
persed by absorption through the stratum comeum into the 
epidermis or dermis of the skin and/ or by evaporative pro 
cesses (e.g., as assessed by disappearance from the surface 
site of application, e. g., the skin surface is dry to the touch or 
as assessed by other quantitative or qualitative methods). In 
one embodiment the disappearance is primarily or com 
pletely due to absorption (e.g., the majority, or even at least 
about 75%, of the composition applied topically has dis 
persed by absorption). In another embodiment, the disappear 
ance is primarily or completely due to absorption. In an 
embodiment, at least about 5 ML of the composition is deliv 
ered to (absorbed into) each cm2 of the skin or other treated 
region Within about 15 minutes. 

6.4 The Penetration Rate of the Composition May be 
Greater than the Evaporation Rate 
Some compositions of the invention are characterized by 

having a penetration rate that is greater than its evaporation 
rate. As used herein, the term “penetration rate” refers to the 
rate at Which the composition penetrates the barrier of the 
stratum comeum and is absorbed into the skin. As used 
herein, the term “evaporation rate” refers to the rate at Which 
the components of the formulation undergo a phase change 
from liquid to gaseous form. When the composition evapo 
ration rate is greater than its penetration rate, it is especially 
likely that signi?cant agonist Will remain on the skin surface. 
Stated differently, When the vapor pressure of the composi 
tion is high, and hence its evaporation rate exceeds percuta 
neous penetration, a signi?cant residue of therapeutic agent 
may remain as a residual deposit on the skin surface. 

The relative penetration and evaporation rates of a compo 
sition may be determined by a variety of methods including 
those described by B. W. Kemppainen and W. G. Reifeinrath 
in METHODS FOR SKIN ABSORPTION, CRC Publication 1990. 
Evaporation/permeation analysis systems are available from 
Laboratory Glass Apparatus, Inc. Berkeley, Calif. 
7. Methods of Making Compositions 
The compositions of the invention can be made using con 

ventional techniques. Materials can be combined in any order. 
Illustrative preparation methods for certain forms of the com 
position are described hereinbeloW. 

In one embodiment, the components are manufactured or 
formulated in full compliance With all Good Manufacturing 
Practice (GMP) regulations of the US. Food and Drug 
Administration using materials suitable for administration to 
human subjects. 
8. High Flux Rate Application 

In another aspect, the invention provides a method of treat 
ing a capsaicin-responsive condition in a subject by topical 
administration of a composition containing a TRPVl agonist 
under conditions in Which the agonist penetrates the stratum 
corneum at a high ?ux rate. When administered at a high ?ux 
rate, the rapid exposure of nerve ?bers to capsaicin and/or 
rapid accumulation of capsaicin in the epidermis or dermis 
results in a substantial reduction in density of functional 
cutaneous nociceptors. 

Flux rate refers to the movement of a compound (e. g., 
TRPVl agonist) across a barrier (e. g., stratum comeum) and 
has units of Weight/area/unit time (e. g., ug/cm2/ 10 minutes). 


































